Introduction
Frailty, a state of increased vulnerability to minor stressor events, confers high risks for adverse outcomes such as hospitalizations and mortality. 1, 2 Recent studies have demonstrated that frailty is a dynamic condition, characterized by frequent transitions between different states. [3] [4] [5] [6] For example, Gill et al found that 57.6% of older adults had at least one transition during 54-month follow-up period. 3 Characterizing the dynamic process of frailty would advance a better understanding of frailty and provide clues for future clinical care planning and thereby reduce the financial burdens of family and governments.
An important issue of frailty transitions is to distinguish their adverse effects on health outcomes (eg, death). For example, it is unknown that whether older persons who have been frail for a long time have higher likelihood of experiencing adverse outcomes compared with those developed frailty from normal. Furthermore, a growing body of studies has paid attention to the quality of death in late life, such as the extent of suffering (pain and discomfort) and number of bedridden days. [7] [8] [9] [10] Little is China is a country with a rapidly growing aging population. The largest older population (mainly in mainland) is particularly unique as they have experienced equities and inequities in socioeconomic variables, lifestyles, and psychosocial stress over the past few decades, leading to variations in their aging processes. Increasing academic attention has been drawn to the pattern of chronic conditions (eg, hypertension and diabetes) in this unique population. However, with one exception (in Hong Kong), 6 little is known about frailty transitions in Chinese older adults; none is known about their distinct effects. Therefore, based on data from the 2002, 2005, and 2008 waves of the Chinese Longitudinal Healthy Longevity Survey (CLHLS), the largest national sample of older adults in China, we set out a prospective cohort study to characterize the transitions between frailty states and examine their associations with the types of death in Chinese older adults.
Methods study population
The CLHLS is an ongoing nationwide survey of older adults in China, and the details of the sampling design, response rates, attrition, and systematic assessments of data quality across numerous measures were described elsewhere. [11] [12] [13] Briefly, the survey began with interviewing the oldest old ($80 years) with informed consent in 1998 from half of the counties and cities selected in 22 provinces in China. The collected information included demographics, lifestyle, diet, self-reported health, activities of daily living (basic and instrumental), chronic diseases, and a myriad physical and cognitive health conditions. Follow-up interviews of the original sample and newly added samples -including adults aged $65 to replenish participants who had died or were lost to follow-up -were carried out in 2000, 2002, 2005, 2008 
Frailty index (FI)
According to the standard procedure proposed by Searle et al, 14 we used 44 health deficits including activities of daily living (basic and instrumental), chronic diseases, and the psychological functions to construct an FI (Table S1 ). Each deficit variable was dichotomized or polychotomized and mapped to the interval 0-1 (eg, for the daily task -bathing, "without assistance" was coded as 0, "partial assistance" as 0.5, and "need assistance" as 1) to represent the severity of the deficit. Then, the FI was calculated by summing all deficits and dividing the sum by the total number of deficits (n=44), with the range from 0 to 1. Although different numbers of deficits were used to construct an FI, the pattern of frailty with age remained consistent as long as the major domains of health, such as activities of daily living, were included. 10 Furthermore, the deficits in this study were comparable with those used in other studies based on CLHLS 10, [15] [16] [17] and in studies conducted in the USA, 18 Canada, 19 and Hong Kong. 20 According to Blodgett et al 21 and Hoover et al, 22 we categorized the FI score into a three-level variable: nonfrail (FI #0.10), prefrail (0.10, FI #0.21), and frail (FI .0.21).
Frailty transitions
Following Gill et al, 3 nine transitions were possible -six among the three frailty states (nonfrail, prefrail, and frail) and three from each of the three frailty states to death. To better present the adverse effects of transitions, the six transitions between the three frailty states (because the transitions to death cannot be linked to the quality of death that was assessed in 2008 wave) were then classified into four mutually exclusive categories: "remaining nonfrail and prefrail" (because the two states were generally regarded as "healthy"), "improvement" (ie, transitions to lesser frailty), "worsening" (ie, transitions to greater frailty), and "remaining frail. 
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Outcome
The outcome was the type of death defined by bedridden days and suffering state based on an evaluation of the decedents' next of kin reported in the 2008 wave, described in detail elsewhere. 10 Briefly, Dupre et al 10 integrated an objective indicator of physical failure with a subjective indicator of suffering before death to develop several categorizations of the type of death. First, bedridden days before death were classified into two categories: ,30 days vs $30 days. Second, subjective painfulness of death was based on answers from the decedents' next of kin to the question, "Did the deceased elder feel pain when death was coming?". It was considered "nonpeaceful" (ie, suffering) if the next of kin answered, "very painful" and "relatively painful," vice versa. Since most Chinese elderly people reside in the community, it provides the unique opportunity for the next of kin to report on the participant's suffering immediately before death. 10, 23 Finally, based on the participants' last month of life, death was classified into four types: type 1: ,30 bedridden days with no suffering; type 2: ,30 bedridden days with suffering; type 3: $30 bedridden days with no suffering; and type 4: $30 bedridden days with suffering. These measurements based on responses from family members have been demonstrated to be reliable for assessing the quality of death in older adults. 24 
statistical analyses
The characteristics of the study populations in 2002 and 2005 waves were summarized using mean (±standard deviation) or counts (percentages). We then determined the number and rates for each of the frailty transitions between 2002 and 2005 waves.
To calculate odds ratios (ORs) and 95% confidence intervals (CIs) of four mutually exclusive transition categories for the type of death, two multinomial logistic regression models were fit. Model 1 adjusted for age and sex; model 2 additionally adjusted for race/ethnicity (Han vs others), residence (rural vs others), marital status (currently married vs others), education (illiterate vs literate), primary lifetime occupation (white collar occupation vs other), smoking status (smoked in the past 5 years vs others), regular exercise (yes vs no), religious involvement (yes vs no), economic independence (yes vs no), family in good economic standing (self-rated as rich compared with other families in the community, yes vs no), and being in receipt of adequate medication for any illness (yes vs no).
To test the robustness of our findings, we performed several sensitivity analyses. First, we compared participants included at baseline (n=11,165) with those who were lost (n=1,666) and participants who completed the follow-up period until death or 2008 (n=5,914) with those who were lost to follow-up before 2008 wave (n=1,464). Second, we used another cutoff for FI score that was suggested in previous studies. 25 That is, the participants were classified as nonfrail (FI ,0.08), prefrail (0.08# FI ,0.25), and frail (FI $0.25). Third, to account for the loss to follow-up before 2008 wave, we used an inverse probability weighting (IPW) approach 26 to refit our models. Fourth, we refitted the models in males and females separately in terms of the possible effect of sex on frailty.
All analyses were performed using SAS software (Version 9.3; SAS Institute, Cary, NC, USA). A P-value of ,0.05 (two-tailed) was considered statistically significant.
Results
The characteristics of the study participants are summarized in Table 1 . In 2002 wave, the mean age was 82.6 years, and about 52.0% (n=5,800) of study participants were female. The majority were Han ethnicity (93.8%), and more than half were illiterate (57.4%). Only a small percentage had white collar occupation (9.4%), and about 30% had economic independence. Those who survived in 2005 wave were comparable to those in 2002 wave, except they were younger (79.8 vs 82.6 years) and had higher proportions of regular exercise (38.6% vs 34.6%) and economic independence (34.9% vs 29.2%). Table 2 shows the numbers and rates of transitions between frailty states. In 2002 wave, about 20.2% of and frail), one-third transitioned to death, and the other onethird remained in previous frailty states. Transitions to greater frailty (ie, "worsening") were more common than transitions to lesser frailty (ie, "improvement"). For example, the rates of transitions were 46% from nonfrail to prefrail and 10% from nonfrail to frail, whereas only 11.6% from prefrail to nonfrail and 10.1% from frail to prefrail, and 1.3% from frail to nonfrail. As expected, the rate of transitions to death increased from nonfrail to frail (Table 2) . Table 3 presents the associations between transition categories and the type of death. We found that "worsening" and "remaining frail" had significantly higher risks of all types of death compared with "remaining nonfrail and prefrail." For example, "worsening" and "remaining frail" had ORs of 1.92 (95% CI =1.41, 2.62) and 4.75 (95% CI =3.32, 6.80), respectively, for type 4 of death (ie, $30 bedridden days with suffering before death). The association between "improvement" and the type of death was not statistically significant (Table 3) . When all types of death were combined together, the corresponding ORs were 1.84 (95% CI =1.58, 2.13) for "worsening," 1.06 (95% CI =0.86, 1.30) for "improvement," and 3.22 (95% CI =2.64, 3.92) for "remaining frail" (data not shown, adjusted for all covariates).
In sensitivity analyses, we found that 1) the characteristics of participants included at baseline (2002 and 2005 waves) and those who were lost to follow-up from 2002 to 2005 waves were generally similar, but with higher percentages for urban residence, white collar occupation, and economic independence observed in the latter group (Table S2) . Similar results were observed when comparing participants who completed the follow-up period until death or 2008 wave and those who were lost to follow-up before 2008 wave (Table S3) ; 2) by applying another cutoff (0.08 and 0.25) for FI score showed similar results; 3) using IPW approach with all covariates included, similar associations between transition categories and the type of death were observed with two exceptions for "worsening" (Table S4 ); and 4) there were no substantial differences in the observed associations above between males and females (data not shown).
Discussion
To the best of our knowledge, this is the first large-scale study to examine frailty transitions and their associations with adverse outcomes. In this prospective study, we found that, during 3-year period, about one-third of the participants remained in previous frailty states (eg, 29.4% remained nonfrail). Transitions to greater frailty (ie, "worsening") were more common than transitions to lesser frailty (ie, "improvement"). Among the four mutually exclusive frailty transition categories, "worsening" and "remaining frail" had increased risks of painful death. These findings provide new insights into the harmful effects of certain frailty 
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Frailty transitions and types of death transitions and clues for subsequent clinical care and interventions in older adults. The rates of frailty transitions in this study were consistent with those from previous studies, although they might differ slightly regarding certain transitions. Specifically, nearly all prior studies demonstrated that transitions to greater frailty (ie, "worsening") were more common than transitions to lesser frailty (ie, "improvement"). 3, 5, 6, 27 Only about 2% of transitions from frail to nonfrail were observed in the study of Hong Kong older adults, 6 and the corresponding proportion was 1.3% in this study. Regarding remaining previous frailty states, Lee et al 6 reported that about 24.2%-25.5% remained frail as opposed to the proportion (29.7%) shown in this study. However, we noticed that a higher proportion remained nonfrail (ranging from 37.8% to 67.4%) in previous studies 3, 5, 6, 27 than that in this study (29.4%). The discrepancy might be attributed to reasons such as differences in study participants' characteristics (eg, races and age), variations in the follow-up period (eg, 1 year and 2 years), and different frailty measurements used (eg, frailty phenotype vs index, modified components for frailty phenotype). Our results provide the first preliminary information based on a national sample of older adults from Mainland China.
Furthermore, compared with older adults who "remained nonfrail and prefrail," those had experienced frailty transitions of "worsening" and "remaining frail" had increased risks of painful death. The quality of death in late life has drawn increasing attention during the past few decades, of which the type of death is relevant to the older persons and their families. Our findings underscore the harmful effects and distinct prognostic value of certain frailty transitions. In other words, among frequent frailty transitions, "worsening" and "remaining frail" increased the likelihood of experiencing low quality of death, which raises concerns about the quality of life in frail populations. Identifying factors that contribute to these transitions is beyond the scope of the current study, but would require much attention in the future. In addition, participants who had transitioned to a nonfrail status (ie, "improvement," even being a smaller group) did not show higher levels of adverse outcomes, which reinforces the importance of intervention on frailty.
We observed that "remaining frail" had the highest risk of all the four types of death ( Table 3 ). Note that the older adults who remained frail in this study might represent a selective survived sample during the 3-year follow-up (we cannot account for this potential confounding effect) and might be expected to have better prognosis. However, we still found that these older adults presented higher likelihood of painful death, which further underscores the cumulative deleterious effect of frailty. To date, a large body of studies has been conducted in frail populations on improving their quality of life. 28 In this study, to some degree, our results provide strong evidence for the implementation of such clinical research. From the perspective of clinical and policy implications, our findings suggest that more health care resources should be allocated to older adults with presence of frailty for a long period of time accordingly.
This study also emphasizes the importance of longitudinal assessments of frailty in older adults, which would be a future research direction. To date, frailty has been recognized as a hot topic, 29 and frailty assessments have been conducted in community and clinical settings.
30-34 However, to our knowledge, no formal clinical guideline has been developed over the past years. The findings from this study suggest that future guidelines of frailty assessments should consider collecting persons' previous frailty states, which was of great importance to subsequent health outcomes. A prior study on frailty transition also supports this suggestion. 3 The strength of this study is that it employs a comprehensive measure of frailty in a large-scale cohort of older adults. Although slightly different deficits were used in previous studies, the validity of the frailty measure was satisfactory. 10, 15, 16 Compared with prior studies on frailty transitions, 3, 5, 6, 27 the current study had the largest sample size. Nevertheless, several limitations of this study need to be mentioned. First, the type of death only includes two domains; no more qualitative assessments of quality of death were available. Second, the high percentage of sample attrition from 2002 to 2008 was not random and may have introduced bias in our estimates, although we have compared the participants included in the analyses with those who were lost to follow-up and used IPW approach to account for the loss to follow-up from 2005 to 2008. Third, some transitions in shorter time might not be captured in this study using a 3-year time period. Fourth, the use of FI approach may overestimate frailty transitions due to the inherent nature of such a measure of deficit accumulation (eg, a change for FI from 0.20 to 0.22 had been defined as a transition from prefrail to frail, whereas this change might not be substantially relevant to the participant). Finally, similar to other studies on older adults, there was a proportion of missing values because of increased age and/or declined cognitive function, and proxies were used to reduce nonresponse, which might introduce biases when there was inconsistency between proxy ratings and those of the actual ratings of the participants. 
Conclusion
In summary, this large sample of the older adults in China supports that frailty is a dynamic process, characterized by frequent types of transitions. Older adults who remained frail for a period of time had the highest likelihood of painful death, which raises concerns about the quality of life in frail populations.
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